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(54) Terminal for connecting a superconducting multiphase cable to a room temperature 
electrical equipment 



(57) A terminal for connecting a superconducting 
multiphase cable, a superconducting three-phase cable 
for example, to a room temperature electrical equipment 
is described. The terminal comprises a casing with cool- 
ing fluid, inside which the three cable superconductors 
are each connected with a resistive conductor the end 
of which is connected to the room temperature equip- 
ment phases at the outside of the casing. 



The terminal comprises superconducting connection 
means between the three neutral superconductors and 
a single resistive conductor the end of which is exter- 
nally associated with the room temperature equipment. 
The neutral superconducting connection means and the 
junction area of said means with the single conductor 
are disposed inside the cold area of the casing. 
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Description 

The present invention relates to a terminal for connecting a superconducting multiphase cable of n phases (n being 
greater than 1) to a room-temperature electrical equipment, a transformer for example. 
5 It is known that superconductors are metals, alloys thereof, oxides and in general compounds having a drop in 

resistivity until practically zero values at a temperature value, called critical temperature, which is characteristic of each 
superconductor. 

Reference may be made, by way of example, as to one of these materials and the preparation of same, to the dis- 
closure of the Italian Patent Application No. MI92A 000798 of April 2, 1992 in the name of the same Applicant. 
10 These superconductors have to operate below their critical temperature, generally below -1 75°C and for the pur- 
pose they are therefore cooled by appropriate cooling fluids, since above the critical temperature their state of super- 
conductivity would cease and the cable would have resistive losses even higher than those occurring in a traditional 
conductor. 

Generally, a superconducting cable of the coaxial type comprises, for each phase, an energized inner supercon- 
15 ductor, at least one layer of electrical insulating material, a coaxial neutral superconductor placed at a zero potenzial 
and, in addition, a cooling fluid circulating from one end to the other of the cable along a duct internal of the phase 
superconductor and then along a space external thereof, all that being contained in a coating comprising a thermal 
insulating material adapted to keep the conductive material to the desired temperature. 

In this type of cable the same current circulates, for each phase, both in the phase superconductor and the neutral 
20 superconductor. 

Connection between the superconducting cable and the room temperature equipment obviously requires the use 
of terminals comprising areas for maintaining the superconductivity state of the cable and areas for controlling the elet- 
rical and thermal field of the cable until its coming out of the terminal. 

In a known embodiment, described by C. Bogner in a publication Transmission of Electrical Energy by Supercon- 
25 ducting Cables", pages 514-516, NATO Technical Seminar, 1974, a terminal for a single-phase superconducting cable 
comprises a vacuum container inside which a casing filled with low-temperature liquid helium is disposed. 

The phase superconductor comes to the casing centre and is connected at some height in the casing to a resistive 
conductor passing through the casing and the vacuum container towards the outside at room temperature. 

The neutral superconductor, coaxial with the phase superconductor, is in turn connected to a second resistive con- 
30 ductor passing through the casing and the vacuum container to reach the outside. 

Interposed between the two conductors is a high-voltage insulator extending, at the upper part thereof, beyond the 
vacuum container to the outside and, at the lower part thereof, downwardly taking a cone-shaped configuration match- 
ing the shape of a deflector cone disposed around the phase superconductor. 

The two conductors, intended for connection of the phase and neutral superconductors with the external equip- 
35 ment, are suitably selected so as to have an appropriate size in that, on the one hand, they should be of large cross 
section in order to reduce the effect of the resistive tosses, but, on the other hand, they need to take a small section in 
order to reduce the heat conduction from the outside to the cold area within the casing where the phase and neutral 
superconductors are. 

A solution to these two conflicting problems is descrtoed in a publication "Electric Power at Low Temperatures", 
40 Oxford University Press, M. Rechowicz, 1975, and is based on optimizing the sum of the electrical and thermal losses 
resulting in a consequent definition of an optimal section of the conducting metal depending on the temperature differ- 
ence, the current-carrying capacity and length of the conductor, and the metal features. Practically, the phase and neu- 
tral conductors are such planned that the conductor section will make the resistive tosses correspond to half those 
caused by thermal conduction. 

45 The conductor section is determined by a particular expression set forth in said publication and results in making 
the conductors in the form of nets formed of small-diameter wires. 

In the example of a single-phase terminal described by G. Bogner, these conductors in the form of nets constitute 
heat exchangers and transfer heat absorbed from the outside at room temperature and heat produced by current pas- 
sage under a resistive effect, to a coolant that passing through the conductor nets heats up, evaporating and escaping 
so in the form of gas from appropriate openings in.the terminal. 

In a terminal for a three-phase superconducting cable, connection pf the cable to the room temperature equipment 
may be made by means of three separate structures similar to the previously described one. 

In this terminal, connection between the neutral wires of the three-phase cable is carried out at the outside, at room 
temperature. 

55 The Applicant, aiming at reducing thermal and electrical losses in the terminal, has sensed the possibility of solving 
the problem by addressing the solution to reducing thermal and electrical losses due to the arrangement of the neutral 
wires as done in the known art. 

Perception olthe problem was guided by the observation that the above described terminal, a three-phase terminal 
for example, comprises three current conductors to connect the three neutral superconductors to the external equip- 
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ment where the neutral wires are connected with each other. 

.."Therefore,. in each neutral conductor within the terminal, even if sized so as to have said optical section, thermal 
and electrical losses occur as a result of the current passage. 

It is in fact known that, in a coaxial superconducting cable system, current passing through the neutral cable wires 
5 is, for each phase, identical with that passing through the phase conductors. 

This situation is usually achieved by an appropriate connection of the conductors, as shown in a following figure, 
for the purpose of both eliminating the magnetic field external of the cable and, as a result, losses due to the induced 
currents, and minimizing the magnetic field present in the superconductors, maximizing performance of same. 

Taking into account the plurality of thermal and electrical losses due to the three neutral conductors, the Applicant 
10 has envisaged the possibility of reducing the thermal and electrical loss balance of the whole terminal by a solution 
based on the connection of the three neutral superconductors in the cold area of the casing, using superconducting 
connection means, in turn connected to a single neutral conductor externally connected at room temperature, as previ- 
ously said. 

Consequently, it is an object of the present invention a thermally insulated terminal intended for connection 
15 between a multiphase cable and an electrical equipment at room temperature, said cable comprising, for each phase, 
at least one coaxial unit having a phase superconductor, an interposed electric insulating layer and a coaxial neutral 
superconductor, and in addition, thermal-control means for keeping said superconductors of each of said coaxial units 
to a superconductive state, said terminal comprising: 

20 - at least one casing, 
cooling means, 

a live current lead for each phase superconductor, having a related phase connector for connection to said room 
temperature equipment, 

25 said current lead being provided with a resistive conductor intermediate the phase superconductor and said connector 
of the current lead, the connecting areas between said resistive conductors and phase superconductors being disposed 
within the casing, said terminal being characterized in that it comprises: 

a single neutral current lead provided with a single neutral resistive conductor, the upper end of which is connected 
30 to a neutral connector for connection to the room temperature equipment; 

connection means made of superconducting material between said neutral superconductors and single neutral 
resistive conductor, 

the junction area between said connection means of superconducting material and single neutral resistive conductor, 
35 and at least said connection means between the neutral superconductors and said single resistive conductor being 
internal of the casing and at a lower temperature than the critical one corresponding to the superconductive state, due 
to the presence of said cooling means. 

Preferably said terminal connects one three-phase superconducting cable to a room temperature equipment. 
Within the present invention, by room temperature is intended a temperature higher than the critical temperature of 
40 the superconductor, in which said superconductor shows a substantially non-superconductive behaviour. 

Still preferentially, said connection means comprises superconducting elements arranged in a Y connection config- 
uration between the neutral superconductors of the cable and a connecting terminal for junction with the neutral resis- 
tive conductor. 

Preferably the connection means consists of the same neutral superconductors of the cable, removed from the 
45 extremity and connected with each other in a Y-connection configuration in the connecting terminal. 

In a particularly advantageous aspect of the invention, the terminal is characterized in that it comprises liquid nitro- 
gen as the cooling fluid inside the casing. 

Still preferentially, the terminal is characterized in that the casing cover is substantially at the same height as the 
junction area between the phase superconductors and phase conductors. 
so Still in accordance with the preferential solution, the terminal is characterized in that, in a three-phase cable of a 
phase voltage in a range of 60 to 150 KV, the distance between the casing base and the mutual junction area between 
the phase and neutral superconductors and the phase and neutral resistive conductors is of a value included between 
0.5 and 1 metre. 

In an embodiment according to the invention, the terminal is characterized in that it comprises means for controlling 
55 the electric field for each phase, disposed within the casing. 

In another aspect thereof, the present invention relates to a method of connecting a superconducting multiphase 
cable, maintained at a superconduction temperature, to a room temperature electrical equipment, comprising: 

connecting each phase superconductor to a corresponding conducting element of said equipment, and 
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connecting the neutral superconductors to corresponding neutral elements of said equipment. 

characterized in that the step of connecting the neutral superconductors to the corresponding neutral elements com- 
prises: 

5 

connecting said neutral superconductors with each other at an area having said superconduction temperature, and 
connecting said neutral superconductors to said neutral elements of the equipment through a single current lead. 

The present invention will be best understood with the aid of the following description and the accompanying draw- 
10 ings, intended for illustrative purposes only and not in a limiting sense, in which: 

- Fig. 1 shows a superconducting three-phase cable; 

- Fig. 2 illustrates an example comprising a system with three superconducting single-phase cables connected 

between a generator and a transformer; 
is - Fig. 3 shows a diagram of the important areas internal of a terminal for a system with three superconducting sin- 
gle-phase cables according to the invention; 

- Fig. 4 is a detailed sectional view of the terminal in Fig. 3; 

- Fig. 5 is an alternative embodiment of the terminal in Fig. 4; 

- Fig. 6 shows a unipolar terminal according to the known art; 

20 - Fig. 7 is a diagram of a superconducting three-phase terminal according to the prior art; 

- Fig. 8 shows another embodiment of the superconducting three-phase terminal according to the invention. 



A superconducting three-phase cable is shown in Fig. 1 in a diagrammatic cross-sectional view and is denoted by 
1 ; it comprises three coaxial units or "phases", each of which in turn comprises a phase superconductor 2, at least one 
25 layer of insulating materia) 3. a neutral superconductor 4. 

The three-phase cable is cooled by means of a fluid V. usually circulating in one direction from one end to the 
other of the cable, in an inner duct provided in each phase superconductor and in the opposite direction in the space 
around said phase superconductors or. according to another solution, in one and the same direction in the duct and the 
space around the phase superconductors, return taking place externally of the cable; the space around the phase 
30 superconductors is confined outwardly by a first coating 5 and a thermal insulating layer 6 and has an external coating 
7 enclosing it. 

The assembly formed of elements 5, 6. 7 is commonly referred to as "cryostaf and generally has the function of 
keeping the components at the inside thereof to the desired temperature. 

In one embodiment the superconductive material of the cable is formed of superconductor-based ribbons com- 
35 monly referred to as high-temperature ribbons of a ceramic type and has a diameter of 30-40 mm for a phase current 
included between 2000 and 5000 A. 

In more detail, in this embodiment the superconductor ribbons are wrapped around a metallic or insulating, tubular 
cylindrical support, according to constant or variable wrapping angles, between one ribbon and the other and at the 
inside of each ribbon, included between 10° and 60°. 
40 The so-called "high temperature" superconductor-based ribbons are those capable of carrying current at a temper- 
ature in the order of 70-77°K (-203/-1 96°C). 

In still more detail, for completion of the present description it is pointed out that the "high-temperature" ribbons 
comprise, within a casing made of silver or similar metal alloy, superconducting materials among which those referred 
to in the particular field by the abbreviation BSCCO and having the following formula can be conveniently employed: 

45 

B^Pb^SrTCa^Cu.Ox 

wherein: 

a is a number included between 1 .4 and 2.0; p is a number included between 0 and 0.6; y is a number included between 
so 1 .5 and 2.5; 6 is a number included between 0 and 2.5; t is a number included between 1 .0 and 4.0; x is the stoichio- 
metric value corresponding to the different oxides present. 

Diagrammatically shown in Fig. 2 is an arrangement of three single-phase cables electrically connecting a genera- 
tor G to a room temperature user equipment, a transformer T for example. 

Connection between the three single-phase cables and the external equipment is carried out by a terminal, not 
55 shown in Fig. 2 and diagrammatically outlined in its fundamental parts in Fig. 3, in accordance with the present inven- 
tion. 

Chiefly, the terminal comprises a cold area A inside which the cable portions are maintained below its critical super- 
conductivity temperature, a thermal- insulation area B disposed around area A, a thermal control area C, of extension 
Lq, in which means for counteracting heat penetration from the outside at room temperature to the cold area of the cable 
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is provided, an area D for control of the electric field, made either internally of the cold area over a given extension L 1 , 
as shown in Fig. 3, or externally thereof. 

The lower portion of Rg. 3 shows entry of the three single-phase cables into the terminal. 

More particularly, each live phase superconductor 2 extends in the cold area and is joined to a resistive conductor 
5 9 over a portion L 2 by a connecting terminal 8; conductor 9, in turn, passes through the thermal control area C until con- 
nection to a connector 10 of the room temperature electric equipment. 

The fundamental feature of the terminal according to the invention consists in that the three neutral superconduc- 
tors 4, at a distance L 3 from entering the cold area, are connected with each other by superconducting connection 
means 4* and, through a connecting terminal 8', are connected with a single lead formed of a resitive conductor 9' 
10 extending outwardly like the other phase conductors. 

Preferentially, the superconducting connection means comprises a superconducting element made on the basis of 
the particular arrangement of the final portion of the neutral superconductors, as shown in Fig. 3 and in the following 
figures 4, 5 and 8 described later. 

In some preferential embodiments of the terminal in Fig. 3 for 60 to 1 50 KV voltages, the sizes of the different areas 
15 are included between the following value intervals: 

thermal control area C. extension Lq between 0.3 and 0.6 m, 
electric field control area D, extension L 1 between 0.5 and 1 m, 

junction area between phase superconductor and superconductor, extension L 2 between 0.2 and 0.4 m, 
20 - distance L 3 between the lower edge of the cold area and the neutral wire connection, between 0.1 and 0.2 m, 
distance L4 between the connecting terminal and the upper edge of the cold area, between 0.1 and 0.2 m. 

The terminal, in a convenient embodiment thereof, is shown in more detail in Fig. 4. 

As can be seen in said figure, the cold area of the terminal is delimited by a casing 1 1 of metal material into which 
25 a cooling fluid, preferably liquid nitrogen at a temperature of about -200°C, is introduced through an inlet pipe 12. 

Introduction of liquid nitrogen at a given temperature into the casing and the degree of thermal insulation around 
the casing are controlled to such an extend that the cold area of the casing is always at a temperature conveniently 
below -175°C, above which temperature the superconductors would stop behaving as such. 

Shown in particular in Fig. 4 is the arrangement of the superconducting connection means between the neutral super- 
30 conductors. As can be seen, this superconducting means are completely disposed in the lower portion of the casing 
and are always joined in the cold area to a single resistive conductor passing through the casing for connection to the 
external equipment. 

The thermal insulation area around the casing consists of a container 13 confining a vacuum space around the cas- 
ing. 

35 Coming to the container and casing entry are the three single-pole cables, each of which is kept below the critical 
temperature by means of liquid nitrogen circulating inside it. as shown in the figure by the inlet and outlet pipes 14 and 
14'. 

The phase and neutral conductors, 9 and 9' respectively, pass through the container and casing cover remaining 
at the inside of high and tow-voltage insulators 15 and 16, respectively. 
40 The inner surface of the insulators has its lower portion of truncated conical form matching the shape of, and being 
spaced apart from a deflector cone 1 7 around the phase superconductor for the purpose of carrying out control of the 
electric field. 

Conductors 9 and 9* are preferably made of metal and are in the form of a net of electrically conductive metal wires 
forming a jacket disposed concentrically about a cylindrical element 18 of a non-conductive material (plastic reinforced 
45 by fibre glass or the like, for example) or in any case a material of a low thermal conductivity, having a function of 
mechanical support so as to constitute heat exchangers with the liquid nitrogen. 

In the terminal during operation, there is external heat that tends to migrate by conduction through the resistive con- 
ductors to the inside, and there are currents passing through the resistive conductors 9 and 9' that dissipate energy due 
to the resistivity of the materials forming the conductors themselves. 
so The overall heat present in the leads is absorbed in countercurrent by the evaporating liquid nitrogen escaping in 
the form of gas from openings 19 and 20 provided in the upper portions of the insulators 15 and 16. respectively. 

In order to reduce thermal and resistive losses in conductors 9 and 9'. planning of an optical section to be given to 
each resistive condutor has been known from the previously mentioned publication "Electric Power at Low Tempera- 
tures". Oxford University Press. 1975. 
55 Therefore, for the sake of simplicity further details on the known criteria relating to the optimal section sizes of the 
phase and neutral resistive conductors 9 and 9' are omitted, as sizes can be established based on said criteria. 

In accordance with a variant of the invention, the terminal can provide entry of the whole three-phase cable 1 , of 
the type shown in Fig. 1 for example, into the cold area of the casing. 

As clearly viewed from Fig. 5. the only variant in connection with the previous description refers to the conformation 
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of the lower surfaces of the casing and the container suitably shaped in the form of a funnel. 

In Fig. 5. since the other terminal parts are unchanged, the same reference numerals as in Fig. 4 are allocated. 

In order to evaluate the results achieved with the terminal of the invention, some embodiments of a terminal made 
following the example of Figs. 3 and 4 and a known terminal, compared with each other, are described. The terminals 
5 have a neutral lead for each of the phases, and the same sizes for the superconductor and conductor sections and the 
extensions of the different terminal areas are maintained for both compared terminals, as well as the same voltages and 
currents. 

For best understanding of the comparison, in Fig. 6 terminal 21 of the known art relating to a unipolar cable 22 is 
recalled and diagrammatically shown. 

10 Terminal 21 comprises two current leads, consisting of two coaxial conductors, 23 and 24 respectively, made in the 
form of heat exchangers; the two conductors 23 and 24 are disposed between the phase and neutral superconductors, 
25 and 26. of cable 22 and two upper connectors 23' and 24* associated with the external equipment. The other parts 
of the terminal already described abore are omitted for the sake of simplicity and have been allocated the same refer- 
ence numerals as in Figs. 4 and 5, with the addition of a prime. 

is The three-phase terminal is formed of three terminals as the one in Fig. 6, separated from each other or disposed 
in a single cold area, as shown for the three-phase terminal 27 of known type in the diagrammatic example in Rg. 7. 

As clearly shown in Fig. 7, the terminal of the known art carries out connection 28 of the neutral wires at room tem- 
perature. 

Data relating to the three-phase cable and the magnitudes and sizes of the terminal is reproduced hereinafter: 

20 

Y-connected superconducting three-phase cable with voltage between lines of 1 1 5 KV and rated current of 4100 A. 
Phase and neutral superconductors made of ceramic material BSCCO of a section of 1 cm 2 and critical tempera- 
ture of -165°C. 

Resistive conductors in the phase and neutral terminals made of aluminium of a section of 200 mm 2 . 
25 - Thermal control area C with extension Lo = 0.30 m. 

Electric-field control area D with extension = 0.70 m. 

Junction area between the phase superconductor and conductor with extension 1% = 0.20 m. 
Distance between the lower edge of the cold area and the neutral wire connection L 3 = 0.30 m. 
Distance between the connecting terminal and upper edge of the cold area L4 = 0.10 m. 
30 - Current values: 41 00 A and 0.00 A. 

Reproduced in the following table is the result of the comparative test relating to losses expressed in W per triad 
with the use of liquid nitrogen in the cold area at a temperature of -196°C. 
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Table I 





Current (A) configuration 


4100 known 


4100 three phase & 1 
neutral wires 


0.00 known 


0.00 three phase & 1 
neutral wires 


40 


Resistive phase losses (W) 


3.600 


3.600 


0 






Resistive neutral losses (W) 


3.600 


0 


0 


0 




Thermal phase losses (W) 


810 


810 


810 


810 




Thermal neutral losses (W) 


810 


270 


810 


270 


45 


Sundry thermal losses (W) 


100 


100 


100 


100 




Induced losses (W) 


0 


80 


0 


0 




Total losses (W) 


8,920 


4,860 


1,720 


1.180 


SO 


Total losses % 


100 


54 


100 


69 



As regards resistive neutral losses it is noted that they are zero in the terminal of the invention and of great amount 
55 in that of known type. 

In fact, in the terminal of known type, neutral wires are connected with each other externally of the casing at room 
temperature, and through the resistive leads 24 the neutral currents of the resistive-loss-producing phases circulate. 

In the terminal according to the invention, neutral currents that, as known, in a partly balanced three-phase system 
have a resultant which is practically zero, are compensated before entering the connecting terminal 8', and in the resis- 
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tive lead 9' they circulate in the superconducting elements 4 and 4' alone, which results in the absence of resistive 
losses, as on the. other hand shown in the table. 

As regards thermal losses, it is again apparent that the characteristic of a superconducting connection of the three 
neutral superconductors in the cold area has enabled a single resistive conductor to be adopted in the form of a heat 
5 exchanger for connection of the neutral superconductors of the cable to the external equipment. 

It should be noted that said single resistive conductor is suitably sized for a single-phase current, as in the case of 
each of the three phase leads of a terminal according to the known art. 

Therefore, by virtue of said characteristic, thermal losses due to heat absorption from the outside to the inside are 
limited by the presence of a single resistive neutral conductor which will result in a consequent 2/3 reduction in losses 
w as compared with those found in the known terminal comprising three resistive neutral conductors. 

The further result with zero current again emphasizes the achieved reduction in thermal losses with the character- 
istics of the present invention. 

From the table results, it emerges a loss by induction of 80 W in the terminal according to the invention and the 
absence of this loss in the known terminal. 
75 This type of loss is due to the fact that phase currents along portion L 2 do not have a shielding due to the presence 
of coaxial neutral wires, which shielding on the contrary was present in the known terminal. 

In the absence of shielding, the phase currents produce a magnetic field in the surrounding space which gives rise 
to the formation of induced currents in the metal structure of the casing. 
However, this effect is reduced to the small values shown in the table. 
20 In particular, this small loss is achieved by virtue of the characteristic of a greatly reduced height of the metal cas- 

ing, as it appears from the above values. 

In addition, consistently with the critical temperature of the superconductors, preferably the terminal uses liquid 
nitrogen as the cooling fluid, so that, as a result, in the metals of the structure such a temperature is produced that very 
low electric-resistitivyt values are avoided, which low values can be found for example when liquid helium is used as the 
25 coolant, so that the magnetic losses, the amount of which is in inverse relation to resistivity, can be maintained to sub- 
stantially negligible or in any case weak values, as above stated. 

Therefore, it has been found that, by suitably governing two characteristics that by nature are separated from each 
other, that is the cooling liquid type and the metal casing size in height, the induced losses have such a value that they 
do not penalize performance of the present terminal to an important degree, as compared with the known one. 
30 Data in the table enables an immediate understanding of the fact that the terminal according to the invention shows 
a reduction in the resistive losses of substantially 50% and a value of thermal losses of 70%, as compared with the 
known terminal. 

Another advantage of the invention results from the fact that the fourth through insulator of the terminal is not oner- 
ous in terms both of construction and operation, in that its insulating voltage is negligible as compared with that of the 
35 "phases". 

In fact, the insulating voltage of the neutral conductor is conceptually zero; however, practically it is that corresponding 
to a low-voltage, instead of high-voltage, insulating level, since a certain selection of sizes in connection with possible 
overvoftages in the system is to be taken into account. 

It is also very clear that the invention is not closely limited to the previous description but that also included therein 
40 are all solutions and alternative expedients that can be easily conceived by a persons skilled in the art although not 
described, based on the present solution. 

For example, the terminal can take the configuration shown in Fig. 8, in which in a vacuum casing 29 the cold area 
is determined by the circulation of a cooling fluid internally of a tubular channel 30 provided at its ends with inlet and 
outlet sections 30a and 30b associated with the casing walls. 
45 According to the embodiment of Fig. 8, the three coaxial unipolar cables, protected by the screen 6 and the usual 
protective layers enter the casing and are passed through in the longitudinal direction by the cooling fluid, by means of 
inlet and outlet branches 33 and 34 of chanel 30. 

The thermal-field control in the resistive conductors 31 and 3V in the form of heat exchangers is carried out by 
means of three distinct circuits independent of each other and formed of three cylindrical double-walled bodies 35, 36. 
so 37. travelled over by three different cooling fluids at different temperatures; these cylinders are disposed mutually offset 
and in coaxial relation with the resistive conductors 31 and 31\ 

Electrical and mechanical connection of the terminaJ to the external equipment is carried out by joining the resistive 
conductors 31 and 31 * to tubular metal portions 38 associated with connectors 39 at the ends of high-voltage insulators 
40 for the three phase, and with connector 39' at the end of the low-voltage insulator 41 for the neutral wire, respectively. 
55 The insulators are located completely externally of the casing on which they rest by their bases. 
The electric-field control is carried out within the insulators. 

According to an embodiment already described in the above mentioned publication Transmission of Electrical 
Energy by Superconducting Cables", 1974. heat entering the phase and neutral conductors from the outside is 
removed by making liquid helium circulate in the first circuit at a temperature of 4.4°K. liquid hydrogen circulate in the 
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intermediate circuit at 20°K and liquid nitrogen circulate in the upper circuit at 60°K. 

The cooling temperature achieved with this configuration enables the use of this terminal also for superconductors 
operating at low temperature, that is the temperature of liquid helium. 

The fundamental characteristic part of this terminal in accordance with the invention resides in that the neutral 
5 superconductors are joined together according to a Y-conf iguration in the cold portion of the casing by superconducting 
connection means 42, in turn connected by a connecting terminal (not shown) to the only resistive neutral conductor 
31\ 

By virtue of this feature, as already shown for the terminal in Figs. 3 and 4, an important reduction in the resistive 
and thermal losses is achieved as compared with a terminal according to the known art, comprising three resistive 
10 phase conductors and three resistive neutral conductors with connection of the neutral wires at the outside of the cas- 
ing. 

It is also pointed out that the invention comprises further embodiments different from those previously described 
with reference to the drawings, for example terminals for multiphase cables comprising n "phases", with n greater than 
1 , such as a terminal for a superconducting cable comprising six phases. 

is The fundamental feature, irrespective of the number of "phases", is the connection of the superconducting "neutral" 
wires in the cold area of the terminal. 

It is also apparent that the materials described in the text as being a fundamental part of the superconductors form 
also a fundamental part of the superconducting connection means between the neutral superconductors and single 
resistive neutral conductor in the lead. 

20 In the present description, by resistive conductor is meant an electrical conducting element of non-zero resistance, 
in particular an element possessing at least one important portion of its own having features of non-zero electrical 
resistance; useful resistive conductors to the ends of the present invention are preferably low-resistivity conductors, in 
particular metal conductors, made of aluminium, copper and the like or equivalent materials for example, and composite 
elements, or also metal-superconducting material composite elements of the type used for current leads in magnets 

25 and other cryogenic apparatus. 

One example of these current leads is reproduced in "Cryogenics 1993". vol. 33 No. 5, pages 555-562, and it com- 
prises abortion of superconducting material, intended for operating in the lower area at the critical temperature of the 
superconducting material used, and a portion of metal material, intended for operating in the area of higher tempera- 
ture. 

30 

Claims 

1 . A thermally insulated terminal for connection between a multiphase cable and an electrical equipment at room tem- 
perature, said cable comprising, for each phase, at least one coaxial unit having a phase superconductor, an inter- 

35 posed electric insulating layer and a coaxial neutral superconductor, and in addition, thermal-control means for 
keeping said superconductors of each of said coaxial units to a superconductive state, said terminal comprising: 

at least one casing, 
cooling means, 

40 - a live current lead for each phase superconductor, having a related phase connector for connection to said 
room temperature equipment, 

said current lead being provided with a resistive conductor intermediate the phase superconductor and said con- 
nector of the current lead, the connecting areas between said resistive conductors and phase superconductors 
45 being disposed within the casing, said terminal being characterized in that it comprises: 

a single neutral current lead provided with a single neutral resistive conductor, the upper end of which is con- 
nected to a neutral connector for connection to the room temperature equipment; 

connection means made of superconducting material between said neutral superconductors and single neutral 
so resistive conductor, 

the junction area between said connection means of superconducting material and single neutral resistive conduc- 
tor, and at least said connection means between the neutral superconductors and said single resistive conductor 
being internal of the casing and at a lower temperature than the critical one corresponding to the superconductive 
55 state, due to the presence of said cooling means. 

2. A terminal according to claim 1 , characterized in that said connection means comprises superconducting elements 
Y-connected between said neutral superconductors and a connecting terminal for junction with said neutral resis- 
tive conductor. 
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3. A terminal according to claim 1 , characterized in that said connection means comprises at least one portion of the 
neutral superconductors of each of said coaxial units. 

4. A terminal according to claim 1 , characterized in that said cooling means comprises liquid nitrogen as the cooling 
5 fluid inside said casing. 

5. A terminal according to claim 1 , characterized in that said leads partly project from the casing. 

6. A terminal according to claim 1 , characterized in that the upper surface of said casing is substantially at the same 
io height as the junction area between the phase superconductors and phase conductors. 

7. A terminal according to claim 5, characterized in that, in a three-phase cable of a phase voltage included in the 
range of 60 to 1 50 KV, the distance between the casing base and the mutual junction area between the phase and 
neutral superconductors and the phase and neutral resistive conductors is of a value included between 0.5 and 1 

is metre. 

8. A terminal according to claim 1 , characterized in that the phase and neutral resistive conductors comprise a heat 
exchanger means for heat exchange with said cooling fluid. 

20 9. A terminal according to claim 4, characterized in that it comprises means for controlling the electric field for each 
phase, disposed within the casing. 

1 0. A terminal according to claim 9. characterized in that said field-control means is made around the phase supercon- 
ductor in the form of a deflector body having conical surfaces, made of an electrically conductive material, sur- 

25 rounded by an insulating body the lower surface of which is of conical form. 

11. A terminal according to claim 1. characterized in that it comprises thermal-control means formed of a plurality of 
nutually independent circuits having respective cooling fluids, each of said circuits consisting of a double-walled 
cylinder inside which said fluids circulate, said cylinders being disposed mutually offset in a coaxial relation at least 

30 about said single neutral conductor contained in at least one vacuum casing, said superconducting connection 
means and junction area for connection to the neutral resistive conductor being maintained under their critical tem- 
perature by the presence, in the lower portion of the casing, of a channel into which cooling fluid, directed to the 
neutral and phase superconductors of the cable via inlet and outlet branches, circulates. 

35 12. A terminal according to claim 11, characterized in that the phase and neutral conductors respectively are made 
integral, at the upper end thereof, with corresponding conductive portions associated with the connector of respec- 
tive insulators, said conductive portions being formed of second metallic tubular conductors extending from the 
casing to the corresponding connectors of the insulators. 

40 13. A terminal according to claim 12, characterized in that said insulators rest by their bases on the upper surface of 
the casing. 

14. A terminal according to claim 1 , characterized in that at the casing entry it comprises a multiphase superconducting 
system, consisting, for each phase, of a coaxial single-phase cable having a respective independent thermal insu- 

45 lation. 

15. A terminal according to claim 1 , characterized in that at the entry it comprises a multiphase superconducting cable 
formed of several coaxial elements in a common thermal insulating body. 

so 16. A method of connecting a superconducting multiphase cable, maintained to a superconduction temperature, to a 
room temperature electrical equipment, comprising: 

connecting each phase superconductor to a corresponding conducting element of said equipment, and 
connecting the neutral superconductors to corresponding neutral elements of said equipment, 

55 

characterized in that the step of connecting the neutral superconductors to the corresponding neutral elements 
comprises: 

connecting said neutral superconductors with each other at an area having said superconduction temperature. 
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and 

connecting said neutral superconductors to said neutral elements of the equipment through a single current 
lead. 

5 
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